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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance a MOS tunnel effect device 
surrounded with an element isolating region in negative resistance 
characteristics, so as to provide a semiconductor device which is 
suitable for integration. 

SOLUTION: A semiconductor device is equipped with a semiconductor 
substrate 101 on which an element isolating region 102 is formed, a first 
and a second impurity region, 105a and 105b, are formed in an element 
region surrounded with the element isolating region 102 making at least 
either the region 105a or the region 105b separate from the element 
isolating region 102, and a gate electrode 104 formed on the 
semiconductor substrate 101 through the intermediary of a gate 
insulating film 103, as sandwiched in between the impurity regions 105a 
and 105b. In this case, a channel region 1 10 is formed between the 
impurity regions 105a and 105b, by controlling the gate electrode 104, 
and a tunnel diode is formed between the channel region 110 and either 
the impurity region 105a or the impurity region 105b. 
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K)miythx\^^?i^tk!imt-r^^mi^mm. 
himm^iffvxmi^^i^tc^- hmmt. wmv- h 

K:ss?i^;?g ^ ti^Wymm-imrnm^^miii^hmi^x 
m^^tvx\^>^^Wimmt. 

^mi^mm. t tm^ i^titc^t ^mit-r^ ^mm 
[fi*«i 51 md.^^m{^ms.±\cmi^imB.tit 

^fi^MO smMm!^^hy>'i^:^^ . Bipolar 

10 0 0 1 ] 

^{ZMOS (Metal Oxide Semicon 

d u c t o r) mm<o h>'^-/\-mm^^i^mir^o 
[00021 

\^-'tz.MOSFETCoUfmiti"r&it>htlX^^^o LA^L, 
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[0 0 0 3] r(iO<t57'<fF«1M(c*4-LT, M^-Y^vHbL 

(INFOS' 79. Inst. Phys. Conf . Ser. No. 50, Chapt 
er2, p. 133, 1980) » ^ »ig-7-f± h '^^/l^y^ 3t— K^M 

1 0 0 0 4 1 r co*^-cOffijt. ^UlUlf'^I^^Ji^^Cfife 

(CB5^$iryt»fffi@t«?Lv>iai 6 (a) ^m^'^xmm lo 
^$^^.Tv^s (Mos) . ^LT. y-vmmz^mm 

>o) ^^■7L^h¥- vmmnm.y(n^y') ="^-skii<7? 

+ 5! K U-r >"^Jai4b <t p n ^-g- ( h- ^-^tvUiJ^V :t 
6 (b) KTjpir^^fiid -Vd #t4^^= ia^rc>ll4 
ffi:S5|ie^>i-S^m»S^5j^'>i--5» r c7>i 5 I d - Vd 

iViic 30 
[00051 ^^T-T'liy- Kmffil30{SiJ^ft(7?;^iC<t «5 

:^mM&B\^(O^WU^ <DX\ ^mCOMO S F E TT-^I 
[0006] - (om^iif^^^MKcofjiV h ^'^^jX'mM 

^m^mjimi-t L.xnmm^^\'\ 

[00 0 7] ^h\C^ ^(DUMz.ii\>^X. - KU 40 

^f^!(i•m'^h^m■mm(DMo sfe T<DmitTjmz.^ 

[0 0 0 8] 

[^?«;a5^^*L<t5i:-rSiSM] ^WM^hiiZ(Dm^ 

<fc •? m^titim^m^ r <om^^i¥f^ {.x^comn^ 

^mri>m^^^m-iif.^m t s„ so 
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[OOO91017 (a) IS;*:^H^#e>j5S^f^Lfcl^^ 
^LTV^So =i>'*ffi2iro«M{;::'5r'- h«^8g23^ 

&ii6ffRW^e>«tf<t5{Cn* My-^^*lE23b SU^p*® 

JS23b . S.tJ^KU-'l'>fflJgc23a (^(i^-sr ^5^- h => j5' 
h24a , y-^t.ni^^'iJ' h25b , jg^U^ >'=' 
h25a Srfl^^U rtv{ci i3^SlJi:©fi§M^fT5o 
[0010] [gi7 (b) fi^^ffiia (a) (DA-A'm 

m^yrrrmx';h^, y => -^mm 2 1 <Dmmzmm i^-ft 

LOCOS (Local Oxidation of 

Silicon) m^^^mm2 2\zj:iom-&^n?>m 
^mm--^- ^«^g24. y-x • b-i-^ :ymmza,b 

^26S^fl^^bTV^S. 
[0 0 11] r<7>^^^(7?^£ (*tJ 300K) RtJ«80K{c:43 

»ts Id - Vd 4$i4Sria 1 8 {c^-r. y- hm®^0 V 

[0012] i^AJi. mm Lfc^D < ^t;^P^#^{± h v;^^!^ 

y-r^i— K^flJfflLfcMOS 

fitffl«i-ffl*^X7t*^^MJ«f-t¥tfr<72MO SffiJtdcfc "Pff^ 
^•f S r i: -CA^4»^S*i#ttAs^^^i < 7i S i: V ^ 5 

[0 0 13] 

[ 0 0 1 4 1 X. y- h®ffil±miSgB^^«^-^tfSfFSE 

[0 0 15] ^Mi^^«Ei±5v^{cm7'^s5^^&^r-t-s 
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age mm) o>mmim^^titcmm.i>:^%m(DmB\:i 
[0 0 1 61 X. ^{^m^t-mmicmmmRn^(D 

^PJ(0®Htc:-&4;}xSo 10 

[0 0 17] m^i-^^m-^hmv-xv^i^^KfcMm^ 

[0 0 1 81 X. l«^(0?FMfeffi*S»^:^^^wl'^-rt^ 

[0 0 191 h^^eotSttO. 1 MmtiT-efc^)*^ 
{-#{-»»^C^*:S5^»T-#So X. ±l5ISMSr«ISt-r 20 

[0 0 2 01 X, ±IEISS^/^9t-rSfcto{c. :^wn<D 
[00211 * e>JcX> JbKR)Str<»ai-r5fc4«)tc. 2^ 
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b'i!>^mf&^ti?>tt>'^m\iwmm^^^mmm>hmLx 
mf$.^tix\,^^^mf^mmt. mid.^^{^m^±\::.m^ 

^mi^mmtmik.i-£Mosm \-y>'i^y^-f. b i p o 

1 a r h^^":?:^^. B i CMO S^lSSfe-S, 

ffi^tc J: s t «7)T-fcs i: «is ±mmk%:mm'r?) jc 
Mofc, -oi"?, 01 7 (c) (Dmmmi^yfrt^oic^ 

[00221 ^^^mmicxntfv- hmm^(DmEt(7>e(iim 

[00 2 31 

immcDmmcomm] :$imm<DMo s k >-^^yi-m^m^ 
(Dmm<D^mm^mm^m^^xmm-r^, 01 (a) (± 

(a) X'i-im^m.m^^tt'>"j =^>'mRioi -ts-s^^^ 
tbfcgF^*6ii^io7 >-r^ L-CI/ >-5o 

[00241 y- hSffil04 i± p* KU^ >'M^10 

V -> So n * ® (73 y - ;:^ffl«105b« K ^'^SWjlOBa t * 
<'^. 3g^5^«IW^102 ±X'V- hmMti^^^X\^^ 

So lai (a) <DA-A'mm^smfimmio7 i:^^ 
T01 (b) (CTj^-To y-;^- Ki/-r'y::3>'^:i' M06 
b, 106a (is^ioi ±(ommwms^ioi ^(d^j-:^ • k 

W >^ISl05b, 105a \Z.'^^mtX\zm^^fVX\t^i>^ 

X. mi (c) fini (a) (DB-B 'mm^mmim 

[00251 r CO^ 1 ro3IJ£(7?Ji^lifi(75y- haffil04 {C 

tistes (n-" m) no im^^ri. y- h^io4 («i 

ffl^tbfcp* SCO KW>'««105aK>^ffllC 

(00261 -<DX^ icm^-^m^^co^em^m^^i^tcM 
OS b >'^/i^Mm'f-(o I d - V d ^i-m 2 icTT^-rx 
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[0 0 2 71 X. ^iro^<^^-CJip+ MKWi^ 

m<Dmmci<o^'- hm.mT{c^^ur(Dmmm (p* 

[ 0 0 2 8 ] X> y-;=^ • K W >"W4|!c(±PI^«Si b 
10 0 2 9] X. ■^-hmmKi:<Om<Om^ti:<Xh^ 20 

mmm'f'^mim^^'omi^xjfm^ti. ^m^mm 
m^^ ^mtmmi^ .t o r t *>^^»®«5is«i5<7)]^s 

[00 301 1 (^*Jft<7)fl^te<7)l!ijft;^)fe(75— 

03 (a) ~ (c) 75^124 (a) ~ (b) Srfflv->Tlft 

ffi(dS:^JK)5ran C73«i^k^l03 Srfl^^S (03 30 
(a) ) o 

[ 0 0 3 1 1 ?i:{c:, -:xy =>-Stgioi co^SidL pcv 

D(Low Pressure Chemical v 
apour Deposition) J: P. A 

Xi--5 (113 (b) ) c 

[0 0 3 21 rco^. y-y^^^mMl05bim<miti^ 
y:t-h\^i^^h%:mf$.\.X:Lcr>7:i- ht^iy:^h%:-r:=^i^ 40 
irUTP, As^ronM(^:p*E^S», r r T-»±A s 5r30ke 
v,2XlOi5cm-2co^f+T'-1';*-^^?iA-r'5o ^X^XyirV 

u- v?;^ h v-i^i/^fc J; 19 L-fcrn. 0 3 ( c ) 

>'^^®4gl05a=^K^<ffi,roMiS{;i7;i- hl/-:^^ M08 ^ 
Ji^fifet"6c rcr)7;i- hWi^;^ hl08 i: LT pM 

W^T^i^ifelBFz :*->'t:60kev, 5X 10iScm-2(O^-e-f ;^ 

[0 0 3 31 ^{c, 7:^- hUv^X h^^^L^c^. ixy 
3>'»K101 W^StCL PCVDjSfe^i^J;!? -^y ^^^-gf 50 
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(a) ) . X. liiaSfciipy-^ • KW:/TS®^ 

105b, 105a \Z.^tJ^\^1t7f-W>k^WM^^^X^ V-:^, 
KW^'M^lOSb, 105a if ■5, 
[0 0 3 4 1 ^V^T. 'i^- h^i^'^'i? hl04a. y-;^=" 

ffi«<osw^«aBSio9 mm<o^%:mtin^xy^ huv^ 

fCj;t?SP^iffe^l09 ic^a^mim-^o ^bT. Al 

^cosa«g«-;|^»^JB^^»«ioi *®f;i;^^-?->^^ic 

J: •? Wf^-ri>o fl^fig bfc^Jl^^ y y 7 ^- - XSS: 
s/g^>':{^{c: J; ?) y- MB^i04a, K W ^-S^ioe 

a. Rx^y-:^mmio&>h \^xm i ro*is<^ffioMo 

[00351 05 ( a ) ( b ) \-iJf.Wn<nW, 2 

L. 05 (a) xMm^f-wmxmf-^^im^mi ^m. 
[00361 ^2 <Dmm.<mmt^^ i (o^^-ji^^i^ 

T'^S-^fiV-;^ • KU'1'V«^205b,205a (OWJynmM 

^202 :6>t)^Tfl^^^tl.TV^-5-'^,T-feSo 
[00371 r ro^ 2 (O j|JE<7)Bl®»l(iffflfeigS:OT{- 

204 i^jE(Dmj±^wim-ti,t-y- hmM204 m.T(Dm& 

^ffi{c:JiSteS2l0 asff^^^nSo J;oT. ^i^Sirp 

[00381 X. hm^04 {C'^comjE^^lm-f-^ 
^tvSo .fcoT. Saet M:T^*«!^®«ci:CorBl(C(i 

[003 91 r rom 2 ro^<0?]^^{C*5V t sgT^MI 
M«202 c7)ffig|5©^^;a5g^^^tbfc*i^ffiiti:7'ioTV^ 

SCOT*. ^mf^'m.':^mn?m.m^hfh^. m»£ 

[0 0 4 01 X. Ml <0*JS(7>?|^^t^/i'9. y-h® 
[004 1106 ( a ) RXJ ( b ) H;*:^BJ(7)^ 3 (Dm 

T-foSo ffl-L. 06 (a) (o^mmxii^ m^3oi ^m. 
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[0 0 4 2] v-y =i>£«3oi ±\am'=Fmi$.^mt^m 
ixy ^i^^sffisoi (D±\c^~ hf^mzoz Rv^^- hm 

^m^tlft^- h^>'^^ h304a, h^U^>:=i:^^^ h 10 
306a. y-xriv^^ h306b:d5?F^;^$ttTV^ao 

[0043] -<DXy \zm'^^^m^<Ds^m^mf^^ bfcM 

OS h V^vi-^*«^C7:> I d -VdiRH4fi^^- hmiEVg 

4:fj^ h'^^^^/i-y^jt- vxmmx^^ib^h. mm 

10 0 4 4] m3<Dmmmm<Dmwfm^m7 (a) 
- (d) nmrns^m^^xmrn-r^o s-r. e/y=^>' 20 
^301 (om^mi^^mtsm^^y^mmmoz ^loco 

Trrrm? (b) {cMTr^^^o 

[0 0 4 5] m^. m? (c) <D^^mRv^A~A'm so 

SS:^-rH7 (d) tCTj^-fct 5(-> ^- hm®304 irr 
W >^i^:£MiSc305a(7:>^(O:^J$^^-r ;r>-aA-r'5o K 

[0 0 4 6] ms(Dmmm\z^ir^v\cy-:^^ 

^-aAb. gr^l^^O? Srv-y =iV»K301 <?^_h{^?|^ 

[0 0 4 7] MV^T. y- hm®304 . y-;^M^05b 40 
RtJ K W >-ffi«305a(7)#=3 h^Jf^fig-r^fci^^tc: 

yN'^y^fe^iCcfct^V-y :='>'»E301 ±\Z.mf^\^X. Ztl 
i:y^ VU^^^ h^N'J^^ir bTR I Km<0:x:-y^:^^ 
^n^::t\ZX^^- h^l^i^^ h304aKU^>:^>'^ 
h306aS:t5y-^r3>'i$r^ h306b^fl^J?g bT^^fficT) 

[00 4 8] 9 {-^^^(0^4 (Dm^(7^]^mi:Wimir 

^tci^(D^^mmx^^o m.L.^(Dm^mMiRxm^'^ 
mmM±(Dmmwm^i^f^^^xm\.x^^^. mio 50 
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(a) fiE9(7)A-A ' WSSr^i^I^Tfe^o ixy 

««4oi (^sffi{cffM^nfc^^5^ii®«6402 \cx^m 
^^th^m^m^Mn'' Mcoy-xffi«406 . y- h 

Sffi405 S:r/p" Kl--r>'M*^404 •^mf$.^tlX\^'' 
KW>'®«404fi32^5n6^(c»nX^nfci/y 

- h$6^a^03a^:^hbTi5gB:9'(^fflMSB:»'Jc?!^^$nr 
v>5o y-^ffi«406 fiy- hm^®(?:^;^HS:ffl^pJ:5^- 
?i^^^t^.Tv>>5o 3^. y-hSffi405 , KW>M*S40 
4 StJ^y~:^^«406 fcfi^V^fcjiM^1^09 \zXr) 

mMmc^T^m^titcy- v^i^^^ h405a, kw^^^^ 

h404a. y-;^=2>'^i> h406a:dSflg^^tb"rv^ 
(004 91 r CO^COBffiT-f*. y- K«ffi40 

[0050] 3S*:{c:. m 4 (7?IIJfero?i^l^(73«fifc^fe(0-^!l 

^01 0 (a) ~@1 0 (c) 1 (a) ~ 

(b) ^m^^xmm-t^. *-r. 010 (b) ic^-rj; 

^ L O C O S J; ?) fl^fig-r S„ 
10 0 5 1 1 mz.. '>V =>>'»tg40i ro*®i;im^^bBg 

403 ^m-f&l^. fl*K-fba403 CT^^ffidLPCVDfe^fC 
<t '9#^B^av'y ^Vfl^frfl^jSb. 850 t:305)-rac7?i^fe£Sfc 
?rff 5 » cO#l*B^ v- y =1 >'I^=S: R I E &^(7?m*t4J^ 

(a) {z.7r^-rxy{^v- hmM'ios h-ri>o mi 

( a ) \Z.7r-r^ b t-x -^y V&K401 K)(£bgi5-hSro K 

[0 0 5 21 01 1 (b) {-^-rJ;5(-v y-^ 

iyy=i>'»«401 J;(CJiraif6«a!g409 t/iS^ft^ 

m P r rc>IS P ic A 1 a?©^JS*11si-4rfflv = 

h405a,404a,406aSrJi^^LT^4(O|IJfeK>J^g|:SS 

[00531 r <^»4 i7?||JSwjg^T-ti*^«{-dbgP 

(a) \-ij^%mmm<^mi-w$.(o^mxi>'o . tm. 
fim. mmmm^mmmvx^^ti^\ mi 2 (b) {± 

012 (a) <7)A-A 'W^ffitr^-rWffiiaT'fcSo X> 
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mi 2 (c) {1012 (a) (DB-B^mm^yj<iisxm 

[0 0 5 41 :L(DmM<DW^W^VXy-:^ • Kl/-r VM:K50 
3a, 503b , ^- hffi^504 h®11505 ^t^S 

iVX^^^o y-^' KW>'ffi«503a,503b ir^CD^^C 10 
<t »9«^:PtbTl/^^o rc7:»y->^- KW>'M*^503a,503 

^505a:d5fl^^$tLTV^^. X. 501 fl'>y v^^cd 

502 nsoimm(omm^. 503 nso 
[0 0 5 5] ^(Dmmco'i^mx^t'^- hm@505 \cmjE 

[00 56] m^. m 5 (Dmm(omm(Dm^:^m(D—M 
^mi s^m^^xmmir^o *-f. mis (a) ^cfr^-r 

5ii5fl?;?g^tb/cso 1^501 (Di^v :=^i^m^y:^ hu y 
^^y^-iMRxJ^Ri Em(7y:r.y^>^^{z.x^mi&<D 

[0 0 5 7] ^200nin COfR^^Y y :n>'M50 

503 (D^^(DW$,k^<Dm^^^^''f^W^^^O^^^:^ 30 

sso^-fb^. ao^v-y ^^^-^os Tc7)so I ^cD^fe 
3 (b) mkitmKx^^^^jzii^mo^ 

^m^w^mrr^. 013 (c) \z.7T^-rxo\^. 

m^^o X. KW>'^^^«503b(c:tl. :i(?>flh.c7>^ 

mmmcy±hui^:^h^:^i^^mj$.i.. bfz ^^op 

[0 0 5 91 2^C{C. *S501 cO±fCLPCVDife^{Cj: 
i:)^)]I^?F^^LTJi^*6^)g506tLfc^. Hfiteffld 



4#g3¥9- 2 6 0 6 9 0 

12 

mri?^^r«1$fe^£7:)5^y-:^=^>^^^ h507a. 
>^:=i>^^^ h507b. RV^^- h:=^>i^^ hb05a^mf&t 

^mu^^^ V]}y^'7y^-iMRxy^=^y^>'^\^X 
^mf$rr^o rco^. S«50l _b{cA 1 ^(D^JB^^x 
y<o,>57jfe^(;::j;{9fl^;5g-^5^ ^ (T^^Jg^Jc y y ^ :y ^ 

-XS&t)^^^y^>>/^tToTy-;^=^:/^^ N507a. 
KW^'rr^'i^^^ h507b. RU^- h:=^>'^^ hSOSa^ 

[00601 m^. :^mm<Dm e (Dmm<7>mm^mm^ 

60^6 (Dmmmmxnm 2 (DmM(7:>mm\c^\^ ^xm. 

rv^^e ^6(7)gli£0O?|^^T-{l. 014 (a) (D^S0 
{C^J;5f-2O(DKU'<>^^I^605a 605c . >RU^2o 
(7)y-X^*ic605b,605d (OmW^^y- ^^1^03 -^mj^ 
^tvTV^^o 2 oc7> KW^^M^SeOSa 605c. 5:U^2o 
y - ;^^«605b, 605d y ^-StKGO 1 cO^SffiSc 

t-*T'5)'ffiiMia602 :^^hmh^xmm^nx\y^^. «eo 

W >'®JlE605a, 605c (7)jaH>i\ y-;^^i^05b. 605d 

[00611 014 (b) {10 14 (a) COA-A 'Sff 
S^7]^rtia*T?fe^o i/y =3>'S*S601 (?:)*®{c:{lLOC 

os^(7)*^'5i'SS^«602 :d^Ji^^^tvTv>5o y-;^- 

K ^^M^KeOSa, 605b, 605c, 605d (D^^ {1*^5^-^ 
«602 ^i^b^Tixy =i>^S<fi601 
ttTV>'5o X. y-;^ • KW''Y>Mi*605a,605b, 605c,6 
05d {C{1. SPN^ffe^t?{c?i^;?!c^tt/cy-P^ • KW^' 
=»>^i5'^ h610 i^imm^tiXi^^^o 603 {lIK^fbS^Jc: 

[0 06 21 zcr>m6(DmM(Dmm\^m^xv'- hmm 

603 {c:j:f9y- hm®603 iETc7)S1S60l 

*br. KW^-^^V^^ h610a<t y-:^M«610c 
<Dmi^^<4T:^^-^X^:itX\ 2-ocoMOS hv^vu 

( a ) {Ctj^-To V c {1 2 ofOMO S h 

^mWM-r^^i^i^^ h6iob(c:jo{t'5mte-e&5o 

I 1 {1 Ku-^ :^m^60bai:mf$.^^t^^MO SM h V 

mSfc{li2*^fo^o 014 (c) {c^i-J:5{-. 2o(7) 
m«S;i^^b<;6^o^^i:;:^^,'^. (SO, Si ) :d^fc^o <5->l 
;t{i. SO ?r*0', SI ^'1* {c*f/;£:^ii:TS R AM 
(StaticRandom Access Memo 
r y) i^/i-7!)mf&X^ 01 5{CSRAMiryU(7>lEl^ 
0«::^o 014 (c) ^C*5V^Tf^^LfcVc CD^ffiL^. 

{c h^^-x^r- F^^^v^^^i^'Tl Sr^Sx. r(7>h9> 
:^yT- hy^-i^y^^Tl {CJ: t9 Vc (7:>^^«^.<^ tf^:y h 
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[00 6 3J 

mi] *igp^com 1 (omm<Djmt:mm-r?)ti^ff> 
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